The ability of fish retinal ganglion cells (RGCs) to regenerate their axons was shown to require the re-expression and function of the two proteins reggie-1 and -2. RGCs in mammals fail to upregulate reggie expression and to regenerate axons after lesion suggesting the possibility that induced upregulation might promote regeneration. In the present study, RGCs in adult rats were induced to express reggie-1 by intravitreal injection of adeno-associated viral vectors (AAV2/1) expressing reggie-1 (AAV.R1-EGFP) 14d prior to optic nerve crush. Four weeks later, GAP-43-positive regenerating axons had crossed the lesion and grown into the nerve at significantly higher numbers and length (up to 5 mm) than the control transduced with AAV.EGFP. Consistently, after transduction with AAV.R1-EGFP as opposed to AAV.EGFP, primary RGCs in vitro grew long axons on chondroitin sulfate proteoglycan (CSPG) and Nogo-A, both glial cell-derived inhibitors of neurite growth, suggesting that reggie-1 can provide neurons with the ability to override inhibitors of neurite growth. This reggie-1-mediated enhancement of growth was reproduced in mouse hippocampal and N2a neurons which generated axons 40-60% longer than their control counterparts. This correlates with the reggie-1-dependent activation of Src and PI3 kinase (PI3K), of the Rho family GTPase Rac1 and downstream effectors such as cofilin. This increased growth also depends on TC10, the GTPase involved in cargo delivery to the growth cone. Thus, the upregulation of reggie-1 in mammalian neurons provides nerve cells with neuron-intrinsic properties required for axon growth and successful regeneration in the adult mammalian CNS.
Introduction
Neurons in the mammalian central nervous system (CNS) possess a very limited ability to regenerate axons after a lesion. This is in contrast to lower vertebrates in which injured CNS nerve fiber tracts are restored and functional connections re-established. The failure of mammalian neurons to regenerate neurites is caused by the inhibitory influence of glial cells in the environment of the lesioned axons and by the unfavorable neuron-intrinsic properties (Liu et al., 2011) . In fish, both of these extrinsic and intrinsic conditions are apparently optimized for axon regeneration (Stuermer, 2012) . When retinal ganglion cells (RGCs) regenerate their axons in the fish visual system, they upregulate the expression of many proteins, including reggie-1 and reggie-2 (Schulte et al., 1997) which proved to be essential for axon growth in fish and mammalian neurons (Munderloh et al., 2009) . Reggies, also known as flotillins (Bickel et al., 1997) , are so-called lipid raft/microdomain proteins which are associated with the cytoplasmic face of the plasma membrane and with abundant intracellular transport vesicles (Stuermer, 2010) . Reggies were implied in an exocyst and TC10 dependent targeted delivery of specific cargo to defined sites of the cell including the growth cone (Stuermer, 2010) and are involved in growth cone elongation (Munderloh et al., 2009) . Recent results showed, accordingly, that reggies promote the recruitment of N-cadherin to the growth cone in mammalian hippocampal neurons in association with the cellular prion protein (PrP) (Bodrikov et al., 2011) .
Interestingly, in older experiments reggie-1 and -2 were detected in the adult rat visual system specifically in those RGCs which succeed in regenerating their axons when the optic nerve is replaced by a peripheral nerve graft (Lang et al., 1998; Richardson et al., 1980) . These observations suggest that upregulation of reggie in adult rats might improve the regenerative capabilities of CNS neurons. We have previously demonstrated that rat RGCs can be transduced by intravitreal injection of adeno-associated viral vectors (AAV) and that virus-mediated upregulation of pro-regenerative proteins can improve the regenerative Neurobiology of Disease 51 (2013) [168] [169] [170] [171] [172] [173] [174] [175] [176] Abbreviations: AAV, adeno-associated viral vector; CSPG, chondroitin sulfate proteoglycans; EGFP, enhanced green fluorescent protein; ONC, optic nerve crush; RGC, retinal ganglion cell.
